Pulnlication Wo. 'j2 
Mlnimuin Competencies 
iSeries (T) 4 


MINIMUM vocational COMPETENCIES BASEJ5 CURBICULUM 


AIR CONDITIONING AND REFiaGERATIiN 


Vocationalization of Education Unit 
National Council of Educational Hesearcln and Training 
Sri Aur^blndo Marg, New Delhi - 11* *1^ 




CONTENTS 


Page N». 
1 - -2 


In troduc tion 

1 , J'-'b Opp'^rtunlties . 3 

2 . Comprehensive Joh Description ... ... 4-5 

3 • Task jtoialysis •*. ... ... 6 — H 

4. Course Objectives .Ig 

5 . Proposed, time allocation.I 3 

6 . Recommended structure of the 2.4 - 15 

course with time distribution . 

and m£?ipking scheme. 

7. Syllabus .. ... ... I 6 - 39 

8. List of equipments. 4v'^ _ 42 

9. Suggested reading materials . .43-48 





-; 1 

_^NTHODUGTIO|L_ 

Many states have introduced Air conditioning and 
iterrigerc. don aji ons nf the v'jcatiatial ewurces at the hi^er 
secondary stage ri sducati'-n. However, the existing ourriculum 
wi this course is more f academic nature than of practical nature 
based on the job requirement of the vocation, It is, therefore, 
necessary to identify minimum competencies needed for carrying 
out the responSibilibids ef Air conditioning and "Refrigeration 
effectively and make it the basis for curriculum development. 

When learning deals with performance type of activities, 
it is necessary to have an analysis of each job tr be performed* 
Otherwise it will ha impossible to identify and assemble a core of 
essential skills and related knowledge which will achieve desired 
goals, Elirthermore, manipulative operations require a ja 
certain sequential order of performance. Therefore, teaching 
content must have a psychological and methodical manner of 
presentation, Ihus, identification of minimum competencies becomes 
an essential exercise before designing and planning suitable 
curricula for vocational Subjects. 5he procedure for this purpt-se 
may include following four steps:— 

1» Bisting of jeb opportunities 

2, Identification of frequently performed duties 
under each job 

3. Analysing the tasks or duties into knowledge, skills 
and personality traits. 

Determining course objectives 

Based on this the minimum competencies identified through 
the steps mentioned above, the curriculum has been developed. 

The Vocationalization of Education of the N.C.E.R, T. 
organised a workshop at Technical Teachers’ Training Institute, 
Bhopal from 20th December, I 983 to 24th December, 1983 for the 
identification of minimum Vocational Competencies in Air Condi- 
tiwning and Refrigeration to spell out knowledge, skills, 
personality traits. In this workshop the jobs, duties and tasks 





2 


hava haan aystamaticolly ^malyaad by a number of experts, field 
workers, teachers and curriculum farmers in order to identify 
r inirru^n vncatloiial competencies ir the area concenied. 


It is nopod that the present exereise of identifying the 
’ j ■ j"' vocational corape tor. ci c s in Air Conditioning and itepfrige-' 
. will pc/.vc- urjv^ful fp-r the students, teachers, teacher 
..nicator^^, .‘ucriculnm rf.anners and eriployers at large and will 
1.- Ip ti t^e ircograr rao of voc'uion-iiization really employ- 

: j;. t oriented. 
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- : CR^ATIVj ] (KMQ^ EDGE) OBJ.aiOTIVH S ; - 

1, To help students acquire the knnd.adge f f :- 
Ci) Receiving and attending the cust'mers 

Cii) Ascertaining the faiilts and rectifying the defects. 

(iil) Acquiring the kn'^wledge about working of system, 

various tools and instruments, possible causes and 

diagnosis, construction details and working of 
components. 

(.iv) Estimating the cost and time required to carry 
out the job* 

(v) Acquiring the knltwledge of lubrication, cleaning/ 

descaling of condenser cooling coil, scheduling of 
preventure maintenance, 

Cvi) Acquiring knowledge of various components of diffe¬ 
rent types mf compressors, aifferent types df windings 
and electrical connections, 

(vli) Acquiring knowledge about specification of various 
Special tools. 

(viii) Acquiring knowledge abour refrigerants, charging of 

refrigerants, methods for detection and prevention of 
leakages. 

(ix) Acquiring knowledge about starting and stopping of 
Various types of plants as per operation manual. 

(x) Preparing project report, considering market survey, 
feasibility, financial resources etc, 

(xi) Selecti'^n of site, procurement of tools and equipment, 
knowledge about sales (tenders and quotations) etc. 

_ QB1BCTIVE_ 

2. To help students in developing skills in 

i) receiving and attending the customers. 

11) testing with instruments and use of various testing 
tools and instruments. 

iil) detection of the faults after analysis of symptoms, 

iv) verification of the faults 

v) carrying out preventive maintenance program 

vl) dismantling and assembling of the various compc«<^’3ts 
of compressors 
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(vii) Brazing and making flared connecti#n. 

(viii) tasting and setting relays and thermostats and make 
suitable connections 

(ix) using the refrigerant efficiently 

(x) starting and stopping the plant as per operation 
manual 

(xi) measuring and adjusting pressure, temperature, 

humidity, fltv etc. according t« system specifications, 

(xii) preparation of project and feasibility reports and 
handle finances. 

-i PEBSONALITY TRAITS OBJBCHVEg 

3. To develop the personality traits such as 

i) Accuracy, ability to get along with others, Hard work, 
sincerity, politfinass, patience, htnesty and trust¬ 
worthiness, confidence, perseverance, dependability, 
salesmanship, sense of neatness, judgement, tactful¬ 
ness, safety habits, initiative, efficiency, good 
speech habits 

-! PflOPOSBD TIME ALLOCATION i- 

Available h«urs per week in schools in tur country is 
approximately thirty-three hours. In an academic year 
about thirty nine weeks are utilised for instructional pur¬ 
poses, because nearly thirteen weeks arc earmarked for 
vocation ( 8 weeks), closed holidays ( 2 weeks), examination 

preparation ( 1 week ), and conducting of examination 
( 2 weeks). Hence, the time available for imparting ins¬ 
tructions in an academic year is approximately 

(33 X 39 = 1287 ) 1287 hours, say, 1200 hours. 
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the neariy industry ft»r ®n the job training and the concerned 
vocational teacher should supervise the performance of the students. 
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SI. No. 

SUBJECTS 

PERCENT 

IN3TRUG- 

y\ 

AUKS 1 

A 

1 


TIME ALLO¬ 
CATION 

TIONAL 

HOURS 

EXAM, 

MAHiS 

(a) 

SESSION 

NAL 

MARKS 

Uo) 

TOTAL 

MARKS 

(c) 

1 

2. 

3. 

4. 

c' 1 

1, 

Lgjiguage 

(Regional.) - III 

10 

120 

• 

100 

— 

1^0 


Language 
(English) ^ IV 

10 

120 

100 

— 

100 


Basic Founda¬ 
tion Course 

5 

6o 

50 

— 

50 

H 

General Founda¬ 
tion Course 

5 

6o 

50 

— 

50 

B 

Vocational 

Theory - IV 

10 

120 

100 

— 

100 

6. 

Vocational 

Dieory - V 

10 

120 

100 

— 

100 

7 . 

Vocational 

Theory - VI 

10 

120 

100 

— 

100 

8. 

Vocation-^1 
Practical - IV 

12.25 

150 

100 

25 

125 

9. 

Vocational 
Practical - V 

15 

180 

100 

50 

150 

110. 

Vocational 
Practical - VI 

12,25 

150 

100 

25 

125 


TOTAL 

100 

1200 

900 

100 

1000 


< . Vrcational Theory II and Vocational Practical II are 
core of the Vocation in class XI and Vocational Theory V and 
Vocational Practical V are core of the Vocation in Class XII. 


On completion of the course the students should he placed 
as an apprentice with nearly industrial establishment for a period 
of one year. 
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Max. Marks 100 

Ins true bion time : 
120 Hours 


-MjjMT'3iLi 0 F LiN1TS % - \7':*rx«'>u3 t^'pes of units 
n r /t' umb,'’! 


- ILUID ■i^'ND i- Definition of Pressure, Vacuum-head, 

Density, ^p'-cific gravity, specific volume velocity, FL-^w/ 
Discharge for fluids. 

- H-j^T :- Change of state of fluids, sensible heat, Temperature 

of forma cion of vapour, Latent heat of vaporisation and Fusion, 
specific hoab c'f gases, expansi'^n and contraction, suhlimation 
and iSvapo r = ti on, 

_^j.P2Pi’'gG'y_ s- Force^ Work, Power 0. Energy. 

- T HEHt40T J AMIC T .AWH AHD P10C-.SdES First Law and Second Law of 
Theimodjaiamicc, Deyle's Law, Gharle’s Law and Gas Equation. 

- V'F.-jyT MT HE IT ^ conduction, convection, iiadiation, 

Ihormil Conducts ity, Refrigeration Effect, Concept of "Ton” 

.as applied to Refrigeration, 

PJ^P'f - B ._ELEGTRIGAL_ENGINEBRIl^ 


1 . Fjn 0AM-,j-N rn , cr-.'GEPTS PRINCIPLES 


Ca) Impoi‘cance of electricity in modem life, Various 

effects of electric current utilised e.g, megnetic, 
chemical and heating effects and their applications. 

(b) Different types of electrical engineering nat^rials 
i.e. conductors, insulators, semi conductors and 
magnetic and their uses. 

(c) Electiic current as flow of electrons, potential, 
potential-difforence(hydraulic analogy), Resistance : 
''-heir dif:'niti''«ns and units, Ohm’s law and its 
applications, 

^d) Work, Power d Energy - Definitions, units and simple 
problems. 
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2» jLIilCTRIC GIRGUIT5 Kirchnff s laws, Equivalent resistaJico of 

series, naral^ 3l and saries-pargllsl combination of rosist-anesj 
solutlo:! 3-’ simple D. G. Gircuits for finding currents, voltage 
drops etc. 

3, Concept of Inductance and capacitance, Expr^jssion of induct¬ 
ance and capacitance in terras of their physical paramvjtcrs, 
self and mutual inductance, series and parallel c»nnecticns 
of capacitances. Einding out equivalent values, practical 
applications of inductance and capacitors. 

4. TgI.EGTROMA.CNETISM MD EI-EOTaOH liaiJETlC IITOUCTIQH : ■ 

Magnetic fiald, flux and fluxdonsity, force on a current 
carrying conductor, Analogy 'between electric and magnetic 
circuit. 

Faraday's Laws of electromagnetic induction, Lena's law, 

concepts of statically & d3maraically inddoed emfs and self 
and mutally induced emfs, co-efficient of coupling. 

ELECTEIC SUPPLY SYSTEM 

(a) Single line diagram of a supply system showing power-flow 
from Generating station t» consumer promises, 

Cb) Direct and Alternating currents, Instantaneous value, 
cycle frequency and time-period of alternating quality, 
Generation of a sine-wave and its Instrintaneous, maximum, 
average r.m.s. Values, Form-factor and factor, simple 

numerical problems. 

(c) Alternating current circuit (1-)?) : Series and parallel 
circuits containing cl,L and C, Determination of current, 
voltage drops, power and power factor etc. in those 
circuits, 

(d) Production of single-phase and three phase voltage star 
and Delta connections of three-phase windings, Eelation- 
ships between Phase and Line values of currents and 
Voltages in case of Star and Delta connections. 

Ce) Applications of D. G., D. G. Voltage supplies. 

6, ELEGTEIC WIEING! - 

(.a) Graphic symbols for electrical quantities and items. 
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(h) Wires c'l'blos, classification, designition and colour 
code, Standard wire -^aug^', wiring asoossirias like 
.-.witches, lampholders, plugs, fuses and distribution 
boxes, Different types of mring. Wiring diagrams for 
1 point controlled by one switch, 1 point controllvsd by 
two "’/itrujs (staircase v/iring) and lodoWi wiring. 

(c'y Fuso - Function, materials ‘and advantages of fuse, ftated 
current, fusing factor and fuse-constant, lewirable and 
high rupturing capacity (H.ilC. ,i cartridge fuses, 

7. UTILISATION 

(a) Different ty^^es of electric lamps (namely Filaments, 
fluorescent, mercury vapour and sodium vapour lamps) 
and their applications. 

(b) Glassification of different types cf D,C, and A.C. mentors 

'' (l-ji & 3-0), Applications of different types of motors, 

motor for specific applications. 

Necessity of starters, starters for D.C. Shunt motor 
and induction motors both 1-0 and 3-0. 

(c) Transformer - function, principle, construction (core 
and shell tape), e.m.f,equation and voltage & current 
r.atios, concept of KVA rating, efficiency and regulation 
of transformer. 

(d) Refrigeration & Air conditioning - Electric Circuit of 

a refrigerator, Ihermostat enu its working, common faults 
in refrigerators and their remedies, SLoctric circuits of 
an air conditioner and wat^5r cooler and their operation, 

8. ELECTRICAL MEISUM^NT mD M3ASURING INSTRUMENTS 

Maasurement of voltage, current and resistance by Multimeter, 
use cf Megger for continuity and insulf. tion-resistance 
measurement. 

Connections of different meters i.a, jAmneter, Voltaeter 
wattmeter and energymeter in electric circuit; Permanent magnet 
moving coil and moving iron type amneters and voltmeters, 
^y^jiiqmeter type wattmeter and induction type energymeters. 
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9. BLaCTillCAL APPLIANCES-^ 

(a) Voltage Stabilisers - function, types, Hating and 
connections in electrical circuit. 

(b) Relays - Over-current and undervoltage relays, Thermal 
relays - principle of •peration, ratings and connections 

(c) SLectric bell Automatic electric iron. Immersion heater 
and Geyser - Construction, principle of operation and 
their working. 

10, EMTHING OF ELEC TRIG AL EQUIPMENTS 


Necessity, Precautions to be observed while working vdth 
electricity, Electric-shock treatment. 
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VOCATIONAL P R 4 0 T T C A L - I 
EL3GTHIGAL LAB. 

Tot.al Marks - IS') 
Instructional timo - 1^0 Hrs. 

EYPjljimjjlNTS 

1. To make difforont typos of cal^le joints o.g, straight juints 
T joints, Lugs filling, Thimblo stldoring. 

2 . Praparation of circuit hoards as per symbolic circuit . • 
diagrams. 

3. Usa of different alactrical measuring instruments o,g. Multi- 
metar, Megger, earth-resistance tester, Ammeter, Voltmeter, 
wattmeter and onergymoter. 

Checking continuity in circuit with multimeter and finding 
out earth-resis'tance with earth resistance tester. 

5. Preparation •f tesHng boards having lamps in series and 
parallel. 

6. Selection of type and rating of fuse for a givem load and 
requirement, 

7. Checking, setting and connecting in the circuit helays, 

Voltage stabilisers, circuit braakers, motor starter and 
thermostat controlled devices, 

8. Determination of starting currant (without using starter) 
and running current of motor. 

9. Varification of d^n's and Kirchoff' s laws, 

10* Verification of voltage and current relationships in phase 
and line values of star and delta connected system, 

11. Fault finding in and rsctification of electrical appliances. 

12. Finding efficiency and regulation of transformer by direct 
loading 
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VOCATIONAi_ THEOHY,- II 




Tctal Marks : 100 
InstiructiiOXiBLL !I1 dq : ISQi 

I 

1 , INTRODUCTION Nacesslty and Prospects 

Types •f refrigeration systems. Units of refrigeration. 

2, V/IPOUR COMPilSSSION SYSTSM v - Refrigerant Basic vapour compression 

cycle. Refrigerating effect and pover required for compression 

(Hioory •nly). 

3, absorption REFRIGi !ration SYSTEM t - Basic cycle and components. 

I Advantages and limitations. 

RBPRTGBRATIQN PIPING i - Refrigerant piping material copper tuliing, 

; copper tabling classification, cutting copper t^Mng, Tube bending, 

I Methods of joining, Valves. 

if. VARIOUS COMPONENTS OF VAPOUR GOMPRBSSION SYSTEM t- 

a) C»mT)resaors !- Tlypes of compressors, constructional details 
of reciprocating compressors, ce»trifugal compressor, rotary 
compressor and hermetically sealed c*%mpressor. Hielr capa¬ 
cities and availability of different brands in the market. 
Assembling of compressors. 

b) Condensers Different types and their comparision. Air 
cooled, water cooled evaporators. Constructional details. 
Pumps required for circulating water. Type of pumps and 
power required. Cooling Towers, Force and natural draft 
types. Spray type water treatment for cooling water. 

c) Bvanorators Different types of evaporators frost type, 
defrost type, Non-frost type, sheet and tybe type. 

d) Eimansion Devices Different types capillary toB^ thermo¬ 
static expansion value. Automatic expansion valve, construc¬ 
tional details and applications. 


. LUBBIOATION Different lubrication methods used in refrigeration 
industry, specifications of lubricating oils and their quantities 
required for various types of compressors. 


HEFRIOBRANTS!- Properties of different refrigerants (F 12, F 22, 

.F 11, F 13, F 26 , Ammonia ^2 ) Availability and market i^tes 
•t refrigar^ts. Detection of leakage. Storing and handling of 
^M^^Lars,. cylinder oapaoitles. First aid. Secondry 
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8, CONT ROL DiSVICES Operating controls such as thermostats, 
relays, dafr^et. om-itivO ^ Pi-^itoctiva controls, temperature 
control, high pressure low pressure cut out. Solenoid valves. 

9 ^ INSTALLATION AND OP-BR^ITION Codes, Ordinances and standards; 
Equipment placing; Foundations Leveling, Installation of holt 
driven compressors. Installing direct driv3n compressors. 
Initial start up. 

10. CHARGING OF REFRIGERANT Knowledge of refrigerant to be 
charged. Care to he taken for charging, charging unit. 
Refrigerant leakage. Methods of leak detection. Evacuating 
system. Distillers, Purging, Dehydration. Charging pressures. 

11 . APPLICATION OF aEFRIGE RATION 
a) Refrigerators 

Deen fraosers. bottle coolers, candy machine 

Types and specifications. Customers educations. Study of 
construction of cabinets and their doors. Deefrosting systems. 
Wiring diagram. Ice makers, 

h) Cold storage ! - Items to he stored in cold storage. Tempe¬ 
ratures required for different food items. Preparation of food 
before freezing. Types of insulation used, 

c) Water Coolers Different types, and their specifications. 
Water filters; cabinet construction. 
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XOC^TIONjA.L_PaACT2Cj.L_- II 


Total Marks : 1^0 

Instructional time : l80 Hrs. 

BASIC flEFRIG-aflATION !- 


Tube cutting Instructions 
Tube Bending Instructions 
Tube Blaring instructions 
Tube swaging instructions 
Tube Pinching instructions 
Tube soldering instructions 
Tube Brazing instructions 
Cut & thread G. I pipe 

Lismentllng of Baciprocating compress\-.r 
/Assembling of Eleciprocating compressur 
Dismantling of Rotary compressor 
Assembling of rtatary compressor 
Making of Gaskets fur compressor parts. 
Lapping instruction 

Transfer of refrigerant into service cylinder 
storage cylinder. 

Install Gauge Manifold in the system. 


from 


CQNVBINTIQMAL AgB’RIG.SRATION SYSTBIM 
Reciprocating compressor Testing 
Add oil to the compressor (open type) 

- Draw vacuum in a Ra frige rating system (open type) 
Charge Refrigerant in a conventional system 

Test leaks in a system. 

- Remove & replace dehydrator 
Elemove & replace sight glass 

- Hemove & replace capillary tube 

- Test and adjust Automatic Expansion Valve. 

Test and adjust llhermostat 

- Remove ^ replace AiAtomatie Expansion Valve 




zU- i- 

Parge from tiia system, ■ 

item ova rarrlg^r^nt from a sysfcam, 

Tajt gnd connact ELactrical system. 

Service Conventional fl<3frigerating system. 

DOMESTIC aEFaiQBRtTTON SYSTBM i- 
InstaLLl and inspect Dom3Stic Hefrigerator 
Evacuate Hermetic System. 

Charge Hermetic System 
Add oil to Hermetic System 

Replace capill'iry tuhe in Hennetic aya^tem 

Replace Dehydrator in Hermetic System 
Glean & flush hum outs refrigerating system 
Replace Hermetic system. 

■^est and check capacitor 
Test and check Relay 

Check & connect Hermetic EOLectrlcal system 
Service Domestic Refrigerator. 

Install & Inspect Free sen. 


0 






JTOCATIOIAL_THSOaX.- Ill 

-rS WQ^KSHOP TiiCHNOLOGY AND DiLlWlNQ i- 

Total Marks : 100 

Instructional lime ; 120 Hrs. 

TAllNSMISSION OF POWER 

Typas of drivas, Velocity ratio, 'V belt drives, Specification 
of »Y' belt and Pulley. 

SAFT3Y MJSASUHBIS 

Protective clotbla^ face shields, facepad, hand gloves, 
insulated tools and appliances, safety from fires, fire- 
extinguishers, precautions for lifting and carrying h3ravy»loads. 
Use .»f lifting tackles/pulley/blocks. Handling aids like 
levers, trollies, first aid materials. 

GJaJEHAL H/ 4 ND TOOLS I 

Description function and specifications of screw drivers, 
spanners, vices, hacksaw files, hnmmers, mallets, carborandum 
mallets, taps, dies, pipe dies, insulated pliers, phase tester 
and test lamps, 

GBMilfiAL POV/aa TOOLS 

Portable electric drill, bench type drill. Hand grinder. Use of 
centre lathe for cutting the outer casing of compressors. 

aaFRlGilHATION AKD A/G T00L3 t - 

Flaring block, Blaring yoke, pinching off tool. Hand shut-off 
valve, Halide torch. Gas charging line, gauge imanifold. Gas 
charging station, suction key, blow lamp. 

CAHPENTRYi - 

(a) Pronerties and Defects i- Teak wood, cutting planks and 
battens from logs. 

(b) Mood W'arking Tools Marking gauge, hacksaw, tr 2 nsion saw, 
square, cutting of wood along and across the grains. 

H.and Plane s - Construction and operation of chiesels, 
files, knives. 

Safety precautions while using hand tools, Hand drill and 
twist drill Hammers, wooden m,allet, vicss, power tools 
like band saw circular saw, Jig saw, and safety 
precautions while ualng^' these. Use and specifications of 

‘ I f*. X I 
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diffaroiit". woncl ind nails. TJso of diffomt 

adiiossiva Ilka favlcol and ai‘al-Tdit< 3 . 

Constructional details of dlffar3nt types of joint like 
jSa't''b3t joints, Dado and ElabDat joint, Dado and Lap joints. 

Specification and usa of commarci.al plyboards, hardlooards. 
SHEET MJ5T.1L WOitKDJG! - 

(a) Uses and spacifications of differ ant typos of sheet 

materials like "black shaat, galvonizad sheet and allu- 
minium sheets, 

(h) Sheet Metal working tools Mallets, hammers, carbo- 

randum mallets, vice, bending edges, a rail piece, M. S. 
base plates, chi-sel_3, pimches hand shears, and lever 
operated shears. Bench stakes. 

(c) Sheet M^tal Joints Different types of sheet metal 
joints, like Grooved lock seam, Hammered lock seam, 
Pittsburgh lock, comer double seam. 

Hem Single hen, double hen, standing hen. 

PHOGjflDlTSBgbaPlBP'illTTQM OF HOUND iND BBC T.4NGUL4A DUCTS t - 

Fraparation of reducer, joint for a rectangular ducts. 

- Sfl l dering - Braaing and Wald l p gu- Composition of soldors, 
fluxes, and soldering of copper and brrass on G. I, sheet. 
Soldo ring of G. I. sheet joints. 

Brazing Process details, use of blow lamp, gas torch, 
filler rod, fluxes, precautions while brazing copper/brass 
on G, I. sheets. 

Weldin g Types of welding processes, ^irc and las 
welding. 

Gas welding t-O xy—acetyalena welding torch, types of 

flames, adjusting gas valves for correct flame, filler 
rods and fluxes. Precautions while gas welding, Qas 
welding of M. S, sheets, using leftward and rightward 
welding, Different types of gas welding joints. 

Arc Waldlng Principle of Arc welding, kro welding using 
sln^e phase welding transformers, specifications of weld¬ 
ing electrodes, use of electrodes coating materials, Butt 
and Lap joints by arc welding, Selection of current and 
size of a electrode for a given job. 




Pa.lWING; - 


(a) i3n gin during drawings, us3 of dlfforont typos of linos, a 
drawing symbols. Portaining to machine components, olectrical 
circuits and building drawings as per Indian standard. 

(b) Orthographic views and projections, Visualisation of •bjocts 
from pi “an, elevations and end views, Interpretations in terms of 
dimensions, and materials required, Free-hand sketching. 

(c) Isometric drawing Interpretation of isometric drawings 
for estimation and costing of materials constructional details 
of ttie components, machine and equipments, free-hand sketching 
of isometric drawings, 

(d) Reading and interpretation of blue prints and production 
drawings. 
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jz;oc^TioNiii__PH^cTic^i^- m_. 

-! WO-flKdHQP TilCHNQLOGY 

Total Marks : 12^ 

Instructional TLma : 1^0 Hours 

SHBaT MdlTAL 

Preparation of dlffarent t 3 rpes of joints nsod in ducts (Lock 
groove; standing seam; Pittsburg Lock and End slip) 

Preparation of small rectangular duct aS per drawing. 
Preparation of flexible joints by canvass to connect F'\N with 
DUCT, 

To cut a given stainless steel piece to level surface, Drill 
it, threading by taps and die by hand 

pLUMBTNG WQHK^SHOP 

Threading *1 G. I. pipes. 

Making different types #f Leak proof pipe joints using T, 
KLbow, Bend uni#ns, Nipples Valves and iSaducers 

CAiffENTAflY WOxlKSHOP 

Cutting and saving of wood using different types of saws, 

- Preparation of straight Lap joint, cross joints. 

To prepare Picture frame for winddW-.type 4ir Conditioner 
SOLDERING of G. I. sheets joints, 

- Brazing of copper pipe joints using Blow Lamp and Electric 
solder. 

1 

Welding of brass joints using gas (Welding Tornh). 

I 

- Arc Welding of (Lap joint/Butt joints of M.S, sheets and 

' y 

plates, 

- Gas welding of copper and Brass components on ELack steel 
pipes and galvanised pipes. 

FITTING SHOP: -^ 

- To cut a compressor witl^ Hacksaw or a.similar object prepared 
by,welding. ^ 

To prepare joints for welding by filing & hacksawing, 

- a %reade4 I>r411 ^ Tap of proper size, 

"I- ' 




* i 
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C L -A S S - _XII 

VOCATieNAL_ THEO^^- IV 

AIR CONDI TIONINC} 

Qbtal Marks : lOD 
Instructional Tina : 120 Krs. 


1. IMTBQDUCTICaj Cooling and heating for comfort, Air conditioning 
market, Definition of airconditioning, Use of refrigeration 
system. 

2 . PSYCHBQMETRIC Basic tarns. Daltons law of partial pressure. 
Study of psychrometric chart and its use. Human comfort. 
Comfort zone. Indoor and outdoor design conditions. 

3. •RTTTT.DTKG COMSTilJCTIQM AND HE\T LQ\D FAGTOBS Heat load through 
buildings; Occupancy loads. Ventilation load. Load due to 
appliances. Difference in loads for winter and simmier cair- 
conditioning. Use of Insulating materials. 

k. PACKAGE AND WINDCK AH 0011.1 MtONER;- 

Specificatlons and constructional details of compressors and 
Blowers, Constructional details of Water spray on condenser 
for effective condensations, 

5, CENTiUL AIBGONDITIQNING Year round airconditioniJig. Equip¬ 
ment used in different types of airconditioning plants. Duct 
and chilled water types of systems. Heating system. Source of 
heat. Heat Pump. De Hural-difiers, 


_ EVAPORATIVE COOLINGS !- Different types of desert coolers. 

Fans used in coolers. Water spraying arrangement and pumps 
used for this purpose, 

7. AIH DISTRIBUTION SYSTEM Different types of fans Fmd blowers 
used for air distribution. Construction and types of ducts 
used. Duct outlets. Types of air filters. Noise Lovel, and 
Air velocities Duct fittings. 


8 . 


9. 


10 . 


CONTROLS Thermostats; sensing devices. Control circuits. 
Speed control of motors, 

INSTALLATION, BTAHTING AND iSJNNINQ 

Procedure and precautions for starting and running different 
types of air conditioning systems. 

AiaGONDITIONING OF LUYUHY BUSES AND RAILWAY COACHES 

%iu.rce of power, A^r distribution, study location of different 

0;OB^n an t s. •i ’ ■ *, 
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_V0V.AT_I0N AL._i»_Si.GTIC^I. JV 

Total Marks : 12^ 
Instructional Time : 1^0 Hours, 

-: AT a CONDI TIONIMG : - 

DOMESTIC AIR GOMDITIOKING SYSTEMS 
Install Domestic j'ilr-Conditioning unit 
Test Overload & relay In Window unit 
Test Motor starter 
Test window unit fan motor 

Check & connect window Air-conditioning Electrical circuit 
^dd oil to compressor (window unit) 

Evacuate window Air-conditioning unit 

Change r3frigerant in window 'd.r-conditioning units. 

Test leaks in window 4ir-conditioning units. 

Service window Air-conditioning units 
Test & adjust window Air-conditioning units 
Vacuum testing of the whole unit 

Pressure testing of the whole unit with Soap Solution. 
Pressure testing of the whole unit with hrolide leak detector. 

Checking of oil failure switch 

Gas charging in different system 

Repair of Expamsion of Valve. 

Repair of Solenoid valve. 

Repair of selector switch 

Repair of voltage (shunt) types relay. 

Repair of current (series) type relay. 

Pressure loss in ducts. 

Cleaning of and replacing of filters, Plants. 

Preparation of Brine solution. Ice ELant (Ice Candy) 

Tb provide and lay different insulation materials on systems. 

Installation of Rsfrigerator (for All) 

Installation of Window typo Air Conditioning (A/c) 
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Cleaning of different types of opening, (Central Plant) 

!Ib determine the humidity uf environment using wet bulls 
dry bulb thermometer, and sling psychometer. 

To set and repair Low Pressure & Highe • Pressure cut outs. 


COMMERCIAL laFlECailTlON gYSTSMS 
Test the efficiency of coinpresscr 
Charge oil in the compressor 
Evacuate the system. 

Charge refrigerant in the system. 

Test leaks in the system. 

Hemove & replace Dehydrater. 

Ramove and replace Heat exchanger 
Remove & replace oil separatar 

Remove, replace & clean Thermostatic Expansion valve strainer. 
Service commercial refrigerating system. 

Service water cooler (open tyj®) 

Service Ice Candy Plant (small unit) 


rsfrigbration control 


Test and adjust Low pressure cutout 

Test and adjust High pressure cutout 

Test and install check valve 

Test and install solenoid valve 

Adjust and Install Thermostatic Expansion valve 

Adjust and Install Regulating valve 

Service and Repair Ic^w side float valve 

ServlcG & Repair High side ELoat valve 

Service and Repair Evaporative condenser 

Service and Repair Cooling Tower 

Service and Repair Water Cooled condenser 

Descaling of water cooled and Evaporative condenser 






* ^ 
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4IR CONDITIONING 

Use sling & Psychrometer to data mine Wet Bulb end Dry- 
Bulb Temperature 

determine Relative Humidity by Psychrometric chart. 
Normal Maintenance routine of Air Conditioning system, 
S8ason.al shut down of an Air Conditioning Plant. 
Seasonal starting an Mr Conditioning Plant, 

I 

Svacuate system and test before charging 
Charge refrigerant in Air-Conditioning system 
Pinal inspection after charging. 


« 




MAINMANCE^ SEj^IGING MJ) TROUBLE SHQQTDJG 


Totf3l Marks : 100 

Instructional Timas t 12Q Hrs, 

INT5QDUGTI0N > • Maintsnanca Types, Preventive Maintonanca of 

(1) Compressors (hermetically sealed and open type). 

(2) Condensers (.Ur cooled and Water coolod) including cooling 
tower Evaporators, piping ate. 

SEHyiGING 

Lubrication of units, cleaning and replacement of air filters 
cleaning/descaling of condensers, Cooling coils. 

MAINTEN/aJCE OP COMPfiaSSO a 

Assemhla and Install the compressor, Levelling of Compressors, 
Preventive Maintenance of .electrical motors electrical controls 
and circuits. Estimation of time requirod for repairs, 

Lovalllng and Installation of various refrigeration units. 

TROUBLE SHOOTINGS - Possible causes, and diagnosis and remedial 
measures. Trouble shooting charts, case studies for Hermetic 
and Semi-Hermetic Compressors, Ihermostatic expansion valves, 
clelays (cut out and overload) starting and running capacitors, 
filters, capillary tube etc. 

Safety Precautions in maintenance and servicing work. 
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_VOOATION^L_JP^^CTIC^JL.-_V:_ 

Total Marks ; 1?0 

Instructional Time - l80 Hrs, 

s.aLWiC£! opiiLUTiaNS (p aAc tical ) 

S " 1 To Evacuate the system 
6-2 To remove refrigerant from the system 
(a) Using compressor 
(To) Using pump out unit 
(c) Using Refrigerant cylinder 
S - 3 Adjust the thermostatic expansion valve 
S - 4 Study of constructional details of hr3rmatic compressor 
S - ^ To test a harmatically sealed compressor motor assemtly. 

MAINTEN.\NCd; ,\ND SE^IGIUG ( P2tiCTlC.VLS ) 

System Operations 

1. To Purge Air from/system. 

2. To use the halide leak detector, 

3. To charge through low side. 

4. To determine operating Head Pressures of the system. 

5. To check compressor on the Joh, 

^ROUBLE SHOOTING . 

(a ) In Hefriaeration Units 

1. Not getting start 

2. Not getting cold 

3. Geezer not working 

4. Unit giving shook ( while touching ) 

5. More cooling in Freezer 

6. Door not closing properly 

7. Bulli not Rowing 

8. Unit drawing larger current 

9» Unit running tout in sufficient cooling, 

10* Relays d^faetlve/not working. 

It, not woi^sing 
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12 . 
13* 
14. 
(b') In 

1 . 

2 . 

3. 

4. 

6 , 

7. 

8 . 

9- 

10 . 


1 . 

2, 

3. 

4. 

5. 

6 . 

7- 

8, 

9. 

10 . 

11 , 

12 . 

13. 

14. 
!?• 
16. 

17. 

18, 


Ovar loads dofoctivo. 

Comprjssor dofoctlva. 

Rafrigaratlon leakage In tha system, 

A1 r Cond 1 tlonln 3. Units 
ii/c not starting 
jilr Fan not starting 
A/(i starting but no cooling 
Low/ineffective cooling. 

Motor making noise. 

Fan blades touching tha unit body. 

Compressor short circuting. 

Unit drawing large current 

Iherraostatic switch defective / not working 
Expansion valve defective / not working 

PRAGTIG.U^ FOR SiiaVlCIMG OF AIR CONDITIONERS 

SFIVIGINO t-. 

Disconnect the ilefrigarator 
Clean S^ir filter 

Clean Cooling Coil 
Clean Condenser 

Clean for Motor's "Bushes ciling etc, " 

The whole Air Conditioner check for loose parts and 
vibrations etc. 

Check for water pressure 

Check for Refrigerant Pressure 

Descaling of condenser. 

Descaling of cooling tower 

Gleaning of spray nozzles 

Check for temprature 

Check for Low pressure switch 

Check for high pressure switch 

Che ck fo r oil pra s sure switch 

a 

Check for solemn!od valve 

Air fl«w in Duct 

Insulation for different places. 
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_V0C^T10N2L_theory,- VI 

-i ■3WTEaPRaN^..iU3HlP AMD M-ABKETING ( THEORY ) 5 - 

To tfjl Marks : 100 

Instructional Time ; 120 Hours. 

1. INTROlUGTION Entorprancurship, definition, types- 

solo self employed, team builders, acquirors, Buy-soil 
artists, (spares and repairs service, solos of equipment 
type). Coraparision of self amploym 3 nt with wage employment. 
Personality traits of an entorprenuer. 

Enterpren^urship and the heritage variable in Indian 
society, Enterproneurial development as function of moti¬ 
vation, incentive, expectation and heritage, 

2. TO START .AN ENTERPRISE different steps; 

Need for enterprise, feasibility study preliminary 
scheme, overall financial assessment, approvals, finan¬ 
cial planning, scheme execution, design procurement, 
construction, commissioning and production/service. 

FEASIBILITY STUDY - Technical 

Problems, market assessment. Budget costs, economic-viabi¬ 
lity, selection of site, labour types and availability, pre¬ 
liminary programmes/project report; 

3* TO ittJN -4NI) SUSTiUiN AN ENTBHPHISE Mobilizing financial 

resources, registration of enterprise in corporation, and 
other taxation and Government departments, procurement of 
tools and equipment, selection of man powe, book keeping 
•vid accounts. 

MA.RKETING ST RATEGIES : - at the ^terprise, at the site of the 
customiT, publicity, public relations comparative study of 
parallel services, products and components and their karket- 
ing strategies. Negotiating annual service contracts. 

Filling & pursuing tenders. 

—Sales manship Personality traits, estimation of cost and 
time of providing service, negotiating with customer and 
iirocuring orders. 

SHGGgSg and f ailure FACTORS : - Personality traits, aptitude, 
integrity and sincerity, knowledge and observance of safety 
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precautions as advised by experienced enterpreneurs, decision 
PiaJcing ability, sensibility to the needs of custeners, 
maintaining relations with concerned officials and financers, 
seasonal variations in demands vis-a-vis profit margins. 


\ 


i 
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. 1 

• t 

■' -:_IiCATI01IlL_£fl:4CTICAIu-'VI 

“ ■' . Tital Marks j ' 12^, 

Instructional Hme : l^O Hrs, 

aNIEflPilEINjI!UH5HIP AND MAaKBTING ( PMCTIG.AL ) i- 

Tho pr!actic?\ls (exp^risncas) of this subject are intended; 

(i) To reinforce the theoretical concepts and principles. 

(11) To develop skills related to development of project 
report for starting, sustaining and expanding an 
enterprise. 

(ili) To develop personality traits pertaining to 
en 13 rp ren eur ship. 

ElGP^H^CilS: (In groups of 5 to 10 students ) 

1. Interview different types .of enterpreneurs around the 
school. 

2. Intervijw different officials and persons who can assist 
in starting and sustaining enterprises such as: 

(a) Domestic air conditioners and refrigerators service 
enterprise. 

(b) Sales of spares plus servicing of domestic 
appliances 

(c) Sales of equipments, spares plus servicing of 
domestic appliances, 

(d) Sales of equipments spares and servicing of pro¬ 
cess appliances - cold storage, ice plants, 
ice-cream factories, central air conditioning 
plants etc. 

(e) Study Records Docum?nts, cases 

(f) Prepare a case of successful enterprise, 

3. 3h3 student will suggest atleast three alternative types 
of enterprises one of which he would persue in future, 
in the vocation of refrigeration and air conditioning. 

Decide one enterprise and involve in the following 
experiences; 
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If.l Conduct market survey using door to door, shop to shop, 
and intarviawlng similar enterproneurs (if any) to 
datarmin 

(a) Potantials for sale, of equipments/spares/ along 
with make, type and capacity ate. 

(h) Potentials for providing service equipments under 
warranty period, provision of existing after sales 
service, most frequent faults etc. 

(c) Prevailing market costs of equipments, spares and 
service charges, 

(d) Potential competitors and their marketing 
strategies. 

(e) Make a potential problem analysis, 

4.2 Prepare preliminary scheme of enterprise and estimata 

total Capital outlay. 

4.3 Discuss with the concerned Govemment officials and 
coinme 2 ?clal agencies to get the finances and subsides 
etc. 

4.4 Prepare a feasibility report, considering allied ^ 
aspects. 

4.5 Billing applications forms for different formalities 
to start and sustain the enterprise. 
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T.T3T OF EQUIMI AHD iUW MArMALS 

H:T.,.-.flMQAL LABOfUTOg; 

1, Multimeter : AVO, VIVM 
z, Hagger 

3 , Jliiiipeter - Moving coll, Moving Iron type 

4, Voltanueter 

5, Wattmeter 

6, Energymeter 

7, Voltage atablllser 

8, Circuit breaJcer 

9, Motor starter 

10, aermostat controlled devices 

11, Transformer ! Single phase - step up & step down 

12, Relays - Over current and under voltage relays 

13, Hfferent types of fuses 

14, Accessories like switches, lampholders, plugs. 

Ij. Different types of conductors, insulators, semi-conductors. 

16, Phase tester and test lamps, 

17. Electrician' a Hand Inels, 




RT7.yflIG.d!RAlIQN AND VG LAB. (TOOLS & BQUIEMENT'. ) 


Spacers set (fixed), Ring spaXtners 

2, Slider wrenches (different sizes ) 

3 , Box wrench set 

4, Nose pller, ELier, Cutter pliers. 

Pipe cutters (tube cutter) 

6 . Pipe benders 

7 . Glaring Block («»r vice) 

8 . Swaging tool 

9. Pinch off tools 

10. Hand shut off ralve 

1 t. Blow lamp 

is;. Screw di*ivers, 

15 ', Vice (bench), pipe 

14. Ammeter, Voltmeter, Ohm-meter, thermometer 

15 . Charging line 

■d 

16 . Pressure gauge, compoiond gauge, oil gauge 

( 0-300 psi ) ( 0-150 psi ) (#-200 psi ) 

17 . Micrometer, tachmoter 

18 . Gas charging unit 

19 . Vacuum pump 

20. COg cylinder, Ng cylinder 

21. Insulating materials 

22. Drlll-maching (hand or electric, portable) 

23 . Hammer, Chisel, 

24. Oil blower 

25. Punch tool 

26 . Beeler gauge 

27 . Hies, (round, haUT round, flat, rough, fine ) 

28. Hack saw 

29 . Refrigerator, Ice candy, softing M/C, Jkir conditioner 

30 . Soldering iron 

31. Cup board 

32 . Halide torch 

33. Sling Psychrometer 

34 . Dry wet bulb thermometer 

35. IH-fferent types of charts, 

30 . Compo^sehits for demonstration. 
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37* Compressors of different types 
condenser of different types 
evaporators of different types 
expansion valves of different types 

thermostat 

Relay 

Overload relay 

starting and running capacitors 
selector switches 
reversing valve 
fan motors 

pULips 

chumers 

TOOLS & EQUIPMENI. i 
WORKSHOP LAB. 

Saws, Hacksaws 
Chisels 

I 

Vices , 

Planers I 

Piles 

Hammers, wooden hammers, carborundum haaiaar 

Drill machines (Pillar type up to 1”, portable upto ) 

Anvil 

Mallets 

Cutters 

(fusion rods) welding, Blow lamp, Brazing rod 

Arc welding set (single'phase 5 KV) 

Bending press for sheet metals 

Marking tools on sheet 

MS surface plate thick 2' X 3* ) 

M.S. Plates X 3” X6' - 2 Nos* 

Centre lathe (6’*) 

Plumbing tools (pipe wrenches, threading die, taps, 
pipe, vice, Hand trolley* 
die and tap set 
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SUGGilSrilD HgADINQ kA-fEi^ALS ;- 

Air-Conditioning 
PHINCIPLES iF AIR CONDITIONING 
Tiy V, Paiil Lrang 

Dolmar Pumishors. Albany, New York 

RSPfllGBEU'lTION AND AIR-CONDITIONING 
by Air-Conditioning & Refrigeration Institute 
Prontice-Rall, Inc. New Jersy 

BARIC RSFRIGERATION AND AIR CONDITIONING 
by Hazara & Chakravarty 
Dhanpat Rai & Sons 
Delhi. 

NBATING VENTILATION .\ND MRCONDIHONING PLWJT 
planned maintenance fic operation 
by .T,R. Mulholland 
Business Books Ltd.'London, 

REFRIGERATION AIR-CONDITIONING, RANGE AND OVEN SERVICING 
by Robert Scharff 
Me Or aw Hill Book Co, 

New York, St. Louis, San Francisco. 


» 




SHOP IBEOfg 


by Nicholson 

Mcgraw Hill Book Company 
New York, Toronto, Londonx 

WOHKSHOP FMILIAHLSATION 

by E. Wilkinson, Pitman Publishing, 

SHEET METAL Vol. 1 & Vol. 2 

by Philip M, Johnston, L.B. Taraporewala Sons & 
Provata Ltd., Bombay* 

BASIC FABitLGATlON AND WELDING ENGINSEjSING 

by - F. J.M, anlth, Longman Group Limited, London. 

WOODS AND WOODWORKING 

'ay - Dalmar W. Olson, Prantico-Hall of India 

Private Ltd., New Delhi, 

Heating and Ventilating for craft studies 

by - Ian G. Gordon, Pub, Newness Butterworths, 
London, 






BslsIc R3 frige ration and ALr Conditioning 

P.N, AnaJi thanarayanaoi 
lata (i-av Hill 

Heating and Van til a ting fWr Craft Studies 
I. G. C'.nrdon, Brian NolDle 
Newies - Batter-worths London, 

jrte frige ration & ALr Conditioning Guide; 
CommerciELl tte frige ration Aadel' s Series 
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D, MATNIENAITCE aaflVTGING JiND TilOUBLE SHOO TINS 

1 , Pi^eventlve Maintenance 
1 &y A. A. Nla 2 sl 

NPC, 38 Golf Links, New Delhi 

S* Machine Tool Maintenace & itebuilding 

hy Vttlliam Perritt and John Lilton 

Ihe Ma chin ary PutiLl shin g Go. Ltd. London. 

3, Management of Maintenance 

A. A. Niazl, Asia Publishing House, Bombay. 

4. Hefrigaration Servicing; 
by Gelibar, P.F. 

Published by D. B, Taraporewala and sons 
210, D, N. Hoad, Bombay. 


I 




BOOKS BY ROBERT SGHARFF 


♦ 


TroutCLe shooting chart ( of refrigerator) - 
lEroutO-e diagnosis for Electrical refrigerator 
Trouble diagnosis for Automatic Ice Maker 
Failure & disposition charts 
Hov to Calculate a BDom load 
ALr circulation system 

Cycle of refrigeration of room air conditioner 

Performance checking procedure 
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